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ABSTRACT: Laundry surfactants are usually mixtures of
ionic and nonionic detergents that exhibit a complex phase
behavior. Here the ternary phase behavior of an isotropic and
a liquid crystalline (LC) surfactant mixture has been examined
in water/solvent systems. The size of the LC area in the ternary
phase diagram was correlated to solvent parameters includ-
ing the dielectric constant and the Gordon cohesiveness pa-
rameter. The Gordon parameter was found to have a linear re-
lationship with the amount of solvent needed to go from an
LC to an isotropic state over a wide range of solvents from
polar to apolar. For solvents in which no surfactant aggrega-
tion (micellar or inverted micellar) is expected, the size of the
LC area is linear with the reciprocal of the dielectric constant
of the solvent. On diluting practical detergent liquids with
water, a large LC area can be avoided by using solvents with a
relatively low dielectric constant and with a relatively low mo-
lecular weight.
The aggregated state of the surfactant mixtures in the
isotropic regions of the phase diagram was studied using the
solvatochromic fluorescent probe Nile Red. In the water cor-
ner of the phase diagram, the surfactants are aggregated into
micelles. In strongly polar solvents, such as glycerol, ethylene
glycol, formamide, and ethanolamine, the surfactants are also
aggregated into micelles. In somewhat less polar solvents,
such as methanol, ethanol, and t-butanol, the surfactant mole-
cules are randomly distributed. In the surfactant-rich corner of
the phase diagram of the isotropic mixture, the surfactant
forms inverted micelles. An inverted micelle–to–micelle transi-
tion could be observed on dilution in ethylene glycol as a dis-
continuity in the trend of the Nile Red fluorescence maxima. 
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Laundry detergents are usually mixtures of different types
of surfactants, with each surfactant component possessing
complex phase behavior. For most pure systems, the phase
behavior has been studied previously (1,2), but there is a
growing demand for corresponding information on mixed
systems and on the phase behavior in various nonaqueous
polar solvents. 
In this study, the phase behavior of two surfactant mix-
tures was examined. Each mixture was composed of one
nonionic and two ionic surfactants, a sulfonate, and a soap,
making them relevant for commercial laundry applications.
One of the mixtures was an isotropic liquid, whereas the
other was liquid crystalline (LC). This study was focused on
the aggregated state of the surfactant mixtures in the
isotropic regions of the surfactant mixture/water/solvent
ternary phase diagrams and on the effect of the solvent on
the LC area. 
LC phases are formed from pure surfactants on hydra-
tion of the head groups. Different types of mesophases have
been described previously, of which the lamellar and hexag-
onal are the most abundant in surfactant systems (3). Be-
sides water, some organic solvents with a high cohesive en-
ergy density (as expressed in the Hildebrand parameter)
can form LC phases with surfactants (4,5). LC areas are in
general smaller and simpler in polar solvents (6). For laun-
dry purposes the formation of LC phases on dilution with
water should be avoided because they often (depending on
their mesophase structure) dissolve poorly in water. There-
fore, information on the phase behavior in polar solvents
and on the relation between solvent parameters and size of
the LC area is of great importance for these applications.
The type of mesophase from which the surfactant mixture
becomes isotropic in various solvents was not determined,
but a more empirical approach was followed.
In the isotropic regions (in which the surfactant mixture
is optically clear) of a surfactant phase diagram, the surfac-
tant molecules can be aggregated into either spherical mi-
celles, wormlike micelles, or (small) vesicles. These systems
have been called organized solutions (7). They contrast
with solutions in which surfactant molecules are randomly
distributed, also called random solutions (7). In water, most
single-tailed surfactant molecules are organized into mi-
celles with hydrophobic interactions as the driving force for
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aggregation. Aggregates in nonaqueous solvents (polar and
apolar) are usually much smaller than those in water and
possess small aggregation numbers (4). In apolar solvents,
surfactants can be organized into inverted micelles, with di-
pole-dipole interactions of the head groups as the driving
force. Furthermore, in apolar solvents, hanklike (small
cylindrical) inverted micelles are formed rather than spher-
ical inverted micelles (8).
The morphology of the aggregated surfactants in the
isotropic regions of the phase diagram was studied using flu-
orescence spectroscopy. The solvatochromic fluorescent
probe Nile Red (9) was found to be highly efficient for its
capability to identity different aggregate morphologies in
the optically isotropic region of the phase diagram (10).
Nile Red has been used previously in ternary surfactant sys-
tems (11,12). The probe molecule is soluble in a wide range
of solvents and shows a large bathochromic absorbance shift
with increasing solvent polarity (13). Interestingly, the large
solvatochromic shift makes it possible to selectively excite
probe molecules in different environments. In inverted mi-
celles, Nile Red is situated in the interface, facing the water
pool, and can be selectively excited without exciting Nile
Red molecules that are located either in the tail region of
the surfactants or free in the apolar solvent (14). Similarly,
Nile Red molecules that are located more toward the tail re-
gion of the surfactant molecules, either in micelles or in in-
verted micelles, can be selectively excited without exciting
Nile Red in a more polar environment. These properties of
the probe lead to an excitation-dependent emission maxi-
mum (λmax) when different microdomains (e.g., micelles
or inverted micelles) are present. If there is no aggregation
of the surfactant molecules, as, for example, below the criti-
cal micelle concentration (CMC) or in a solvent in which
surfactant molecules are randomly mixed (7), no excita-
tion-dependent emission is found.
Combining the phase behavior and the morphological
characteristics provides an impression of the phase changes
that occur on diluting highly concentrated surfactant/sol-
vent solutions for laundry purposes.
EXPERIMENTAL PROCEDURES
Nile Red was obtained from Acros (Landsmeer, The Nether-
lands). A 2.5-mM Nile Red stock solution was made in
ethanol and diluted 1000-fold in the surfactant systems.
Nonionic detergent Neodol 1-5 (CxEOy, with x on average
11, y on average 5) was obtained from Shell Chemicals; lin-
ear alkylbenzene sulfonic acid (LAS) was obtained from
Lever Brothers Ltd. (Port Sunlight, United Kingdom);
isostearic acid, Prisorine 3509, was obtained from Unichema
(Gouda, The Netherlands); and linear fatty acid (on aver-
age C18), Prifac 5908, was obtained from Unichema. Mo-
noethanolamine (MEA) was obtained from BASF. All sur-
factants used were of technical grade; all other chemicals
were of analytical grade. 
Surfactant mixture A consisted of a mixture of nonionic
Neodol 1-5, LAS, and isostearic acid (mol ratio 37:38:25)
neutralized with 10 mol% excess of MEA. Surfactant mix-
ture B consistsed of nonionic Neodol 1-5, LAS, and linear
fatty acid (mol ratio 34:35:31) neutralized with 10 mol% ex-
cess of MEA.
Phase diagrams were made by dilution along the solvent
axis and along 20%-water and 10%-solvent lines (w/w). The
borders between the optically isotropic phases and the first
signs of the LC phases were noted.
Nile Red fluorescence was measured on a SPF-500c spec-
trofluorometer (SLM Aminco) at 25°C, using an excitation
wavelength between 490 and 590 nm. Fluorescent emission
was measured from 550 to 700 nm with a 5-nm interval. The
Nile Red emission maximum (λmax) was calculated using a
log normal fit. A 5-nm step size for the emission was found
to be sufficient to obtain a resolution of several tenths of a
nanometer after a log normal fit. 
RESULTS
Ternary phase diagrams. The ternary phase behaviors of mix-
ture A and mixture B were determined visually by mixing
the surfactant with solvent/water mixtures until an isotropic
liquid was obtained. Mixture A, which is an isotropic liquid,
became LC on the addition of 5.7% (w/w) water (Fig. 1a).
Up to 80% water, mixture A is LC. The types of mesophases
formed were not determined, but certainly different states
were present. The effect of mixing different solvents
(water/solvent mixtures) is large. In mixture A, some polar
solvents (glycerol, formamide, and MEA) give an LC phase
even without water, resulting in a relatively large LC area. It
is known that glycerol and formamide cause surfactants to
aggregate into micelles at low surfactant concentrations
(15). In less polar solvents, such as methanol, ethanol,
propylene glycol, and t-butanol, the surfactants remained
isotropic on dilution along the solvent axis and the size of
the LC area is rather small. Ethylene glycol, in which surfac-
tant aggregation has been observed (15), has a relatively
large LC area, but surfactant mixture A remained isotropic
on dilution with this solvent. 
The ternary phase behavior of surfactant mixture B is
significantly different from that of mixture A because it is
LC prior to dilution with any solvent, due to the carboxylic
acid with a linear tail instead of a branched one. Upon the
addition of water, mixture B becomes isotropic at 57.4%
(w/w) of water. The disappearance of the LC phase on the
solvent axis was examined for a large panel of solvents,
from those that are very polar such as water and formamide
(Fig. 1b) to those that are very apolar such as n-hexane. For
each solvent the mol% solvent on the border between LC
and isotropic was calculated (Fig. 1c) and plotted against
the reciprocal of the solvent dielectric constant (1/ε is lin-
ear with charge-charge interactions) and the Gordon pa-
rameter (cohesiveness parameter, with units of surface ten-
sion/molar volume1/3) (16) (Fig. 2). A linear relationship
was found between the size of the LC area and the recipro-
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cal of the dielectric constant for polar solvents in which no
surfactant aggregation takes place (methanol to t-butanol).
This was further investigated by examining the effect on
the LC area of different mixtures of methanol and t-bu-
tanol (inset Fig. 2a). Again a linear relationship was found.
A large increase in the size of the LC region was found for
solvents in which surfactant aggregation takes place already
in the pure solvent, both on the polar side (normal mi-
celles) and on the apolar side (inverted micelles). For all
solvents the Gordon parameter shows a good linear corre-
lation with the size of the LC area (R2 = 0.98) (Fig. 2b) on
dilution of surfactant mixture B with pure solvents. Only n-
hexane deviates from the plot, and this is the only solvent
used in which inverted micelles are formed.
Both the dielectric constant and the Gordon parameter
of a solvent or solvent mixture can thus be used to predict
the size of the LC area. For mixtures with water, the influ-
ence of water is much stronger than expected. For any point
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FIG.1. Ternary phase behavior of surfactant mix A and B in various solvents/water systems (weight fractions a,b, mole fractions c). Mix A is
isotropic in the surfactant-rich top, a, whereas Mix B is liquid crystalline, b,c.
in the ternary phase diagram, the LC area is larger than an-
ticipated on the basis of ideal mixing and estimates of the
surface tension and molar volume.
Nile Red. We used the fluorescent solvatochromic probe
Nile Red to establish the surfactant aggregated state. Nile
Red is very useful for this purpose because it can give infor-
mation for every optical isotropic region in the ternary
phase diagram even in 100% surfactant mixture A. Excita-
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FIG. 2. mol% solvent on the border between liquid-crystalline and optically isotropic phase of surfactant mix B for both dielectric constant and
Gordon parameter of the used solvents. On basis of the Nile Red measurements about the aggregated state in different solvents the graph
could be divided into three regions, surfactant aggregation into normal micelles, solvents in which no surfactants aggregation takes place and
the formation of inverted micelles.
tion-dependent fluorescence was used to determine differ-
ent aggregation states within the suspensions. In aqueous
solution, micelles are obviously formed. Because Nile Red is
only slightly soluble in water, it will be localized either on
the micellar interface or more toward the micellar core. By
selective excitation of the Nile Red molecules bound more
toward the micellar core, the Nile Red maximum emission
wavelength (λmax) will be lower, reflecting a more apolar re-
gion. By contrast, Nile Red molecules that are excited at
binding sites more toward the interface, facing water, show
a larger λmax. Accordingly, when the surfactant mixture is
dissolved in n-hexane, inverted micelles will be formed.
Again Nile Red can be located in the head group region fac-
ing water or more deeply in the tail region. Because Nile
Red has a high solubility in n-hexane, a much more excita-
tion-dependent emission was found in that solvent (Fig. 3).
In solvents in which no surfactant aggregation is expected
to occur and the surfactant molecules are randomly distrib-
uted (7), the values for λmax were expected to be indepen-
dent of the excitation wavelength. This is indeed the case in
methanol (Gordon parameter 6.55 mN/m2) (Fig. 4) and in
many other solvents with a Gordon parameter lower than
approximately 9 mN/m2. Propylene glycol is somewhat in-
termediate (Gordon parameter 9.1 mN/m2) between the
solvents in which surfactant aggregation is confirmed [Gor-
don parameter above 12.5 mN/m2, according to Evans and
Miller (15)] and solvents in which no aggregation takes
place. The phase of the surfactant mixture in a solvent, mi-
celle or inverted micelle, can be deduced from Figure 2.
To determine the aggregation state of pure surfactant
mixture A, a series of dilutions were made in different sol-
vents. Changes in the aggregation state should be reflected
by a change in micropolarity, and in the λmax of Nile Red.
This has been tested for pure nonionic detergents for which
the phase diagram is known (1), and indeed a discontinuity
was found when C12EO4 in the L2 state (inverted micelles)
was diluted with water/solvent to form the L1 state (normal
micelles) (10).
Upon dilution of surfactant mixture A in n-hexane, the
λmax of Nile Red does not change from 100 mol% surfac-
tant down to 4 mol% surfactant. Further dilution of surfac-
tant results in a strong decrease of the λmax value, until it
reaches the minimum observed value of λmax of 525 nm in
n-hexane. Because one of the reference points is that in-
verted micelles are formed in a strongly apolar medium,
such as n-hexane, it is likely that the isotropic surfactant
mixture itself is organized in inverted micelles. When the
surfactant mixture was diluted with ethylene glycol, λmax
JOURNAL OF SURFACTANTS AND DETERGENTS, VOL. 9, NO. 2 (QTR 2, 2006)
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FIG. 3. Excitation-dependent emission of Nile Red in 10% (w/w) surfactant A in water, propylene glycol, methanol and hexane.
stayed low until about 50 mol% surfactant (85% w/w), and
then an increase in λmax was observed. The Nile Red emis-
sion spectrum has two overlapping peaks in this region, in-
dicating a mixed population of two different aggregated
states. Apparently in this region the overall polarity allows
the coexistence of inverted micelles and normal micelles.
Although coexistence of micelles and inverted micelles is
unusual, both structures seem to be stable side by side for
at least a couple of days. Upon further dilution with ethyl-
ene glycol, λmax increases to a second plateau. This reflects
the region in which normal micelles are present. In
methanol, where no surfactant aggregation is expected,
λmax is almost linearly related to the dilution factor. At high
surfactant concentrations the presence of inverted micelles
gives a slight deviation until they have completely disap-
peared at around 40 mol% methanol. In propylene glycol
there is little evidence for the formation of micelles. The
λmax for propylene glycol is almost, but not completely, lin-
ear with the surfactant mix A concentration from the point
where inverted micelles are no longer present (around 40
mol% surfactant). The formation of micelles in nonaque-
ous solvents is driven by solvophobic interactions, which
decrease gradually with the Gordon parameter, so no sharp
border is expected between solvents in which surfactant ag-
gregation takes place and solvents in which it does not. In
solvents that are more polar or that have a higher cohesive
energy density than propylene glycol, the formation of ag-
gregated structures is more clearly observed. These sol-
vents include, from low to high cohesive energy density,
monoethanolamine, dimethyl sulfoxide, ethylene glycol,
glycerol, and formamide.
DISCUSSION
On the basis of the complex ternary phase behavior of laun-
dry detergent mixtures, the effect of solvents on the size of
the LC area and the aggregated state of the surfactant in op-
tically isotropic regions has been investigated.
The size of the LC area was found to be much smaller in
all solvents that were examined as compared with water.
Moreover, the influence of water is stronger than antici-
pated in water-solvent mixtures.
The influence of the solvent on the LC phase is clearly
correlated with the cohesiveness of the solvent, as was
158
M.C.A. STUART ET AL.
JOURNAL OF SURFACTANTS AND DETERGENTS, VOL. 9, NO. 2 (QTR 2, 2006)
FIG. 4. Change of the λmax of Nile Red as a function of the surfactant concentration in various solvents.
demonstrated for the Gordon parameter (16,17) and for
the Hildebrand parameter (18). Using the solvent polarity
scale (pi*) of Kamlet et al. (19), the data could be fitted
equally well (not shown). Earlier work revealed a clear rela-
tion between the cohesive energy density and the surface
tension of solvents (17,20,21):
(∆Hev/V )
1/2 = k(γ/V 1/3)0.43 [1]
In this equation, (∆Hev/V )
1/2 is the Hildebrand parame-
ter (heat of evaporation per molecular volume), k is a tem-
perature-dependent constant, and γ/V 1/3 is the Gordon pa-
rameter (surface tension per molar volume1/3). If water is
mixed with a solvent, the LC area is larger than the average
of the two LC areas (of water and the solvent). This indi-
cates the strong preferential interaction of water with the
surfactant stabilizing the LC state. If two solvents are mixed
(glycerol and t-butanol, data not shown), the size of the LC
area behaves linearly with the mol fraction of the two sol-
vents (in the ternary phase diagram, a straight line between
the points on both solvent axes). The decrease in the LC
area has previously been ascribed to dehydration of the
head group of nonionics by glycerol and solvent penetra-
tion into the aggregates for propylene glycol and propanol
(22). A decrease in the Gordon parameter has previously
been linked to an increase in the CMC in water-alcohol and
in water-hydrazine mixtures (22,23).
Surfactant aggregation providing conventional micelles can
be demonstrated, with Nile Red as the probe, for solvents with
a high polarity or high cohesive energy density. In propylene
glycol, which has a Gordon parameter of 9.1 mN/m2, surfac-
tant aggregation is doubtful. More specifically, solvents with a
Gordon parameter larger than approximately 9.5 mN/m2 did
clearly show the formation of micelles. This is much lower that
the Gordon value of 12.5 mN/m2 claimed by Evans and Miller
to be evidence of aggregation (15). The ability of the surfac-
tant to form aggregates decreases when the solubility of the
surfactant molecules increases and therefore the solvophobic
driving force to form aggregates decreases. This is of course a
gradual scale on which no fixed point can be assigned, and
that might be dependent on the surfactant polarity.
The size of the aggregates in polar solvents has been stud-
ied previously and was found to be much smaller than that
in water (24). A likely explanation is that the size of the ag-
gregates decreases with increased solubility of the surfactant.
By adding a polar solvent to water or in polar solvent
alone, the formation of the LC phase can be avoided and a
remarkable coexistence region of inverted micelles and
normal micelles is observed.
Based on the phase behavior in the ternary mixtures and
the results obtained by Nile Red fluorescent spectroscopy,
three different situations are envisioned: (i) surfactant ag-
gregation into micelles in a solvent without the formation of
an LC phase on the solvent axis (e.g., ethylene glycol); (ii)
no surfactant aggregation in pure solvent (e.g., methanol);
and (iii) surfactant aggregation in a solvent with the LC area
extending over the full width of the ternary phase diagram
(e.g., glycerol) (Fig. 5).
Depending on the surfactant/water/solvent system, an
LC-free dilution in water can be obtained going either from
a nonaggregated state in a solvent to normal micelles in
water, or if the surfactant is aggregated into normal micelles
in solvent it stays micellar upon dilution into water.
Both the dielectric constant and the Gordon parameter
of the solvent can be used to estimate the size of the LC area
and the aggregated state of the surfactant.
On diluting practical detergent liquids with water, a large
LC area (i.e., poor dissolution behavior) can be avoided by
using solvents that are selected based on a relatively low di-
electric constant and a relatively low molecular weight.
ACKNOWLEDGMENTS
The authors would like to acknowledge Lili Brouwn and Cecilia de
Vries from the Formulation Unit, Lever Fabergé Europe Global
Technology Centre, Unilever Research & Development for prepar-
ing the surfactant mixtures.
REFERENCES
1. Mitchell, D.J., G.J.T. Tiddy, L. Waring, T. Bostock, and M.P.
McDonald, Phase-Behavior of Polyoxyethylene Surfactants
with Water—Mesophase Structures and Partial Miscibility
(Cloud Points), J. Chem. Soc., Faraday Trans. 1 79:975–1000
(1983).
2. Madelmont, C., and R. Perron, Study of Influence of Chain-
JOURNAL OF SURFACTANTS AND DETERGENTS, VOL. 9, NO. 2 (QTR 2, 2006)
159
PHASE BEHAVIOR OF LAUNDRY SURFACTANTS
FIG. 5. Ternary phase diagram of surfactant mix A (mole fraction scale) for three solvents: a, ethylene glycol, b, methanol and c, glycerol.  L1,
normal micelles, L2 inverted micelles, LC, liquid crystalline area and I isotropic (random solution).
Length on Some Aspects of Soap-Water Diagrams, Colloid
Polym. Sci. 254:581–595 (1976).
3. Tiddy, G.J.T., Surfactant-Water Liquid-Crystal Phases, Phys.
Rep.-Rev. Sec. Phys. Lett. 57:2–46 (1980).
4. Ward, A.J.L., and C. Du Reau, Surfactant Association in Non-
aqueous Media, in Surface and Colloid Science, edited by E. Mati-
jevic, Plenum Press, New York, 1993, p. 153.
5. Warnheim, T., Aggregation of Surfactants in Nonaqueous,
Polar Solvents, Curr. Opin. Coll. Interf. Sci. 2:472–477 (1997).
6. Martino, A., and E.W. Kaler, The Stability of Lamellar Phases
in Water, Propylene Glycol, and Surfactant Mixtures, Colloid
Surf. A–Physicochem. Eng. Asp. 99:91–99 (1995).
7. Shinoda, K., A New Concept “Ideal Organized Solution”: Com-
parison of Random Mixing Solutions and Ideal Organized So-
lution, Langmuir 7:2877–2880 (1991).
8. Ravey, J.C., M. Buzier, and C. Picot, Micellar Structures of Non-
ionic Surfactants in Apolar Media, J. Colloid Interface Sci.
97:9–25 (1984).
9. Greenspan, P., and S.D. Fowler, Spectrofluorometric Studies
of the Lipid Probe, Nile Red, J. Lipid Res. 26:781–789 (1985).
10. Stuart, M.C.A., J.C. van de Pas, and J.B.F.N. Engberts, The Use
of Nile Red to Monitor the Aggregation Behavior in Ternary
Surfactant–Water–Organic Solvent System, J. Phys. Org. Chem.
18:929–934 (2005).
11. Hungerford, G., E.M.S. Castanheira, M.E.C.D. Oliveira, M.D.
Miguel, and H. Burrows, Monitoring Ternary Systems of
C12EO5/Water/Tetradecane via the Fluorescence of Solva-
tochromic Probes, J. Phys. Chem. B 106:4061–4069 (2002).
12. Oliveira, M.E.C.D., G. Hungerford, M.D. Miguel, and H.D.
Burrows, Solvatochromic Fluorescent Probes in Bicontinuous
Microemulsions, J. Mol. Struct. 563:443–447 (2001).
13. Deye, J.F., T.A. Berger, and A.G. Anderson, Nile Red as a Sol-
vatochromic Dye for Measuring Solvent Strength in Normal
Liquids and Mixtures of Normal Liquids with Supercritical and
Near Critical Fluids, Anal. Chem. 62:615–622 (1990).
14. Datta, A., D. Mandal, S.K. Pal, and K. Bhattacharyya, Intramole-
cular Charge Transfer Processes in Confined Systems. Nile Red
in Reverse Micelles, J. Phys. Chem. B 101:10221–10225 (1997).
15. Evans, D.F., and D.D. Miller, Organized Solutions and Their
Manifestations in Polar Solvents, in Organized Solutions. Surfac-
tants in Science and Technology. Surfactant Science Series, edited by
S.E. Friberg and B. Lindman, Marcel Dekker, New York, 1992,
Vol. 44, p. 33.
16. Gordon, J.E., The Organic Chemistry of Electrolyte Solutions, Wiley
Interscience, New York, 1975.
17. Hildebrand, J.H., and Scott R.L., Surface Phenomena, in The Sol-
ubility of Nonelectrolytes, edited by J.H. Hildebrand and R.L.
Scott, Dover Publications, New York, 1964, p. 397.
18. Barton, A.F.M., Solubility Parameters, Chem. Rev. 75:731–753
(1975).
19. Kamlet, M.J., J.L. Abboud, and R.W. Taft, Solvatochromic
Comparison Method 6. Pi-Star Scale of Solvent Polarities, J.
Am. Chem. Soc. 99:6027–6038 (1977).
20. Gardon, J.L., Critical Review of Concepts Common to Cohe-
sive Energy Density, Surface Tension, Tensile Strength, Heat
of Mixing, Interfacial Tension, and Butt Joint Strength, J. Col-
loid Interface Sci. 59:582–596 (1977).
21. Schonhorn, H., Theoretical Relationship Between Surface
Tension and Cohesive Energy Density, J. Chem. Phys.
43:2041–2043 (1965).
22. Aramaki, K., U. Olsson, Y. Yamaguchi, and H. Kunieda, Effect
of Water-Soluble Alcohols on Surfactant Aggregation in the
C12EO8 system, Langmuir 15:6226–6232 (1999).
23. Ramadan, M.S., D.F. Evans, R. Lumry, and S. Philson, Micelle
Formation in Hydrazine-Water Mixtures, J. Phys. Chem.
89:3405–3408 (1985).
24. Jones, P., E. Wynjones, and G.J.T. Tiddy, Kinetic and Equilib-
rium Studies Associated with the Aggregation of Nonionic Sur-
factants in Nonpolar Solvents, J. Chem. Soc., Faraday Trans. 1
83:2735–2749 (1987).
[Received September 2, 2005; accepted March 6, 2006]
Marc Stuart is a postdoctoral fellow in the department of Physical
Organic Chemistry at the University of Groningen, The Nether-
lands. He received his master’s degree in botany. He did his Ph.D.
at the Electron Microscopy Unit, Department of Pathology, Univer-
sity of Maastricht, The Netherlands. He is an expert in the field of
cryo-electron microscopy of surfactants and biomembranes.
John van de Pas is currently working as senior technologist at
Unilever Research & Development in Vlaardingen, The Nether-
lands. He took his technical college qualification in chemistry in
1972 and obtained his Ph.D. from the University of Groningen
(1993). His field of specialization is microstructure of laundry de-
tergent products.
Jan B.F.N. Engberts is emeritus professor of Physical Organic
Chemistry in the Stratingh Institute, University of Groningen, The
Netherlands. He took his PhD, with honors, in 1967 in Gronin-
gen, was appointed professor of General Chemistry in 1978 and
Physical Organic Chemistry in 1991. The research in his group is
focused on organic chemistry in water including reactivity and
catalysis, surfactant aggregation, and the development of novel
nonviral DNA carriers for gene therapy. The group has published
about 450 papers in international journals. He retired on Novem-
ber 1, 2004.
160
M.C.A. STUART ET AL.
JOURNAL OF SURFACTANTS AND DETERGENTS, VOL. 9, NO. 2 (QTR 2, 2006)
